ABSTRACT Arthropod communities in an array of temperate ecosystems follow similar phenological patterns of distinct compositional turnovers during the course of a season. The arthropod community inhabiting leaf ties is no exception. Many caterpillars build leaf ties, shelters between overlapping leaves attached together with silk, which are colonized secondarily by a variety of arthropods. We created experimental leaf ties by clipping overlapping leaves together with metal clips. We censused the arthropod community within experimental ties on two host plants, American beech (Fagus grandifolia Ehrhart), and white oak (Quercus alba L.), weekly for 10 wk during the summer of 2009. Diversity measures for leaf-tying caterpillars and the entire arthropod community within ties varied little between tree species and sampling periods, but caterpillar and arthropod density per tie was signiÞcantly higher on white oak than beech and abundance increased on both tree species as the season progressed. The composition (i.e., species presence and abundance) of the leaf-tying caterpillar community and the arthropod community as a whole differed between host-tree species and sampling periods. Although the arthropod communities on American beech and white oak differed, they showed similar patterns of compositional turnover, with distinct communities in early and late summer and a transitional community midsummer.
Lepidoptera larvae (caterpillars) comprise one of the most signiÞcant components of temperate forest arthropod communities and are typically the largest and most diverse group of herbivores in these communities (Schowalter et al. 1986 ). Among caterpillars, leaf tiers are a dominant component of temperate, broadleaved forest communities in the summer (Forkner et al. 2008) . Caterpillars in at least 24 families of Lepidoptera function as ecosystem engineers by tying leaves together with silk to create shelters (Lill and Marquis 2007) . Leaf ties are inhabited secondarily by a variety of arthropods that beneÞt from altered microclimate (Willmer 1980 , Joos et al. 1988 , Hunter and Willmer 1989 , decreased toxic effects of foliage consumption (Sandberg and Berenbaum 1989 , Sagers 1992 , Fukui et al. 2002 , and protection from a variety of natural enemies (Damman 1987 , Atlegrim 1992 , Loefßer 1996 , Eubanks et al. 1997 , Sipura 1999 , Abarca and Boege 2011 . In addition to building a shelter that other arthropods use, leaf tiers are consumed by a variety of predators and parasitoids and create food for scavengers in the form of frass and exuviae. Leaf ties have been shown to increase arthropod abundance (Martinsen et al. 2000 , Fukui et al. 2002 , Lill and Marquis 2004 , species richness (Martinsen et al. 2000, Lill and Marquis 2003) , and alter community structure at the whole tree level (Lill and Marquis 2004) . Leaf ties persist throughout the season beyond the life span of the initial builder and thus can be used by temporally separated arthropods. However, the general phenology of the leaf tie community is poorly understood.
Arthropod phenology is becoming an increasingly popular area of study, in particular because the phenology of many plants and arthropods is being altered by climate change (Walther et al. 2002 , Parmesan 2006 , Miller-Rushing and Primack 2008 , Yang and Rudolf 2010 . It is important to understand general characteristics of arthropod community phenology to detect when patterns are altered. Turnover in Lepidoptera and Coleoptera community composition has been reported to occur both monthly and seasonally (Summerville and Crist 2003, Hirao et al. 2007) . In a variety of systems, the composition of arthropod communities shifts markedly from spring, through summer, and into fall (Summerville and Crist 2003 , Wiwatwitaya and Takeda 2005 , Hirao et al. 2007 , Sanford and Huntly 2010 . Factors that determine arthropod phenology include emergence time, development time, voltinism, generation length, and adult lifespan (Hirao et al. 2007) . Phenological changes in some insect communities have been shown to be driven by larval feeding times (Niemela and Haukioja 1982) . Insect larvae that have large impacts on arthropod communities, such as leaf-tying caterpillars, can thus drive the phenological patterns of the entire community.
Beyond these seasonal responses, the composition of arthropod communities is often strongly impacted by host-plant species (Butler and Strazanac 2000 , Summerville et al. 2003 , Southwood et al. 2005 . Seasonal peaks in arthropod abundance and species richness frequently vary between tree species (Niemela and Haukioja 1982, Marquis and Passoa 1989) . In some communities, host-plant diversity has a greater effect on arthropod beta diversity than temporal variation within a season (Sobek et al. 2009 ). Host-plant use by arthropods may also vary phenologically, with some herbivores switching between hosts both within and between generations (Moran 1992 , Moir et al. 2011 . Furthermore, plant quality typically changes seasonally, leading to an interaction between host-plant use and seasonality that inßuences arthropod community composition.
In this study, leaf tie inhabitants on two confamilial, co-occurring host-tree species, American beech (Fagus grandifolia Ehrhart), and white oak, Quercus alba L. (Fagaceae) were studied to determine if phenological differences in the leaf tie community can be generalized or if they are host plant species-speciÞc. Experimental leaf ties were created on trees at the beginning of the summer and subsampled weekly for 10 wk to determine the abundance and identity of arthropod inhabitants. SpeciÞcally, this study examined the following question: What are the effects of time of year (early, middle, and late season) and hosttree species on the diversity, abundance, and composition of 1) leaf-tying caterpillars and 2) the entire arthropod community that secondarily inhabits leaf ties?
Materials and Methods
Study System. This study took place during the summer of 2009 at Little Bennett Regional Park in Montgomery County, MD (39.26Њ N and 77.28Њ W), a site within the piedmont region of Maryland. The park contains a 13.4-km 2 secondary growth forest dominated by oak, hickory, and beech.
The arthropod community inhabiting leaf ties was examined on two co-occurring canopy dominants, white oak (Quercus alba), and American beech (Fagus grandifolia). These host plants were chosen because they are taxonomically related but differ in quality as a food source for herbivores. On average, American beech has lower water content, less nitrogen, and a lower C:N ratio than white oak and suffers less damage over the course of the season (J.T.L., unpublished data).
Procedure. To survey the leaf tie inhabitants throughout a summer season, experimental ties were created on white oak and American beech. Experimental ties were made by clipping two adjacent similar sized leaves together using metal double prong curler clips to completely overlap the two leaves. Experimental ties are colonized quickly and the presence of the clip does not affect arthropod abundance (Martinsen et al. 2000, Lill and Marquis 2004) . Experimentally created ties provide a controlled yet realistic proxy for natural ties that can be systematically sampled because colonization of experimental ties is positively correlated with the number of natural ties on an individual tree (Marquis and Lill 2010). Accessible understory foliage (Ͻ3 m) from a range of tree sizes on 10 trees each of white oak and beech were used for this study. All trees or tree branches censused had over 1,000 leaves so were large enough that the addition of experimental ties did not dramatically increase the proportion of tied leaves on the tree, which is Ϸ10 Ð 15% at this study site (E. S., personal observations). Fifty-Þve experimental leaf ties were created on each tree on 11 June 2009 for a total of 550 ties per tree species. Subsamples of Þve ties were collected haphazardly each week for 10 wk from 23 June to 25 August 2009 for a total of 500 ties per tree species. The additional Þve experimental ties per tree allowed for the loss of some ties without altering the sample size in the Þnal week. One beech tree and one white oak were excluded from the last 3 wk of collection because other trees had fallen on them during a storm, damaging the trees and making the ties inaccessible. Because of the nature of the sampling method, ties collected later in the season were available for colonization for a longer period of time. However, this mimics the natural patterns seen of ties built at the beginning of the season being recolonized by arthropods later in the season. Because of the facts that caterpillars can only build ties between overlapping leaves, and white oak and beech trees only produce new leaves in the spring, the spaces naturally available for leaf tie construction are set once leaves are fully expanded and cannot change throughout the summer. Thus, experimental ties were created before the Þrst generation of any leaf tying caterpillars, rather than adding ties throughout the summer, to mimic natural leaf tie availability. We do not believe that the different amount of time ties were available for colonization biased occupancy of the ties because ties were colonized heavily by the Þrst sampling date, and the proportion of colonized ties remained relatively stable.
Each week, the collected ties were gently removed from the tree and immediately placed in individual plastic zipper bags. In the laboratory, ties were opened and carefully inspected with a hand lens to count and identify all arthropods (excluding mites) inhabiting the ties. Further identiÞcation of arthropods was aided by use of a dissecting microscope when necessary. All caterpillars were reared subsequently in the lab and were identiÞed as caterpillars or from reared adult moths. All nonlepidopteran arthropods were placed in individual glass vials containing alcohol and identiÞed to species or morphospecies. Morphospecies classiÞ-cation is frequently used for large community data sets and richness estimates by using morphospecies that correspond closely to those using expert taxonomic identiÞcation (Oliver and Beattie 1996, Longino and Colwell 1997) . The leaf tie community contains many juvenile arthropods, which are not easily identiÞed to species. This most likely lead to some species being lumped together as the same morphospecies in the analyses. However, because this would tend to lead to an underestimation of diversity and community-wide differences, our results are likely to be conservative. It is also possible that juveniles and adults of the same species were classiÞed as different morphospecies, but we believe this was done rarely because of our extensive work with this community, including observations of the development of common nymphs.
Data Analysis. For analysis, weekly samples were grouped into early-, mid-and late-season periods. Samples from the Þrst 3 wk (23 JuneÐ 6 July) comprised the "early" period, the middle 4 wk (14 JulyÐ 4 August) the "middle" period, and the last 3 wk (11Ð25 August) the "late" period. These groupings were based on observed generation times and natural peaks of occupancy of common arthropods sampled. For most bivoltine species, which included the most common leaf tiers, this placed generational peaks in the early and late periods with the between-generation valley in the middle period. Most univoltine species were restricted to one or two of the periods. Arthropods were combined across all sampled ties on each individual tree during each time period (early: 15 ties per tree ϫ 10 trees ϭ 150 ties per species, middle: 20 ties per tree ϫ 10 trees ϭ 200 ties per species, late: 15 ties per tree ϫ 9 trees ϭ 135 ties per species), and the tree was used as the sampling unit.
To determine if occupancy of experimental ties varied between tree species and time periods, the proportion of ties occupied per tree during each time period was calculated. Proportions were arcsine square root transformed and compared between tree species using a repeated measures analysis of variance (ANOVA) because the same trees were sampled in each time period.
Diversity of both the total arthropod community and a subset consisting of only leaf-tying caterpillars was estimated for each individual tree during each time period using EstimateS (Cowell 2006). Diversity was quantiÞed using the Exponential Shannon Diversity Index because it is effective for relatively small samples and is expressed in units of equivalent, equally abundant species so that the values are easily comparable across studies (Magurran 2004; Jost 2006 Jost , 2007 . Density of arthropods per tie was calculated for each tree as the abundance of arthropods in the sampling period divided by the number of ties sampled, to account for differences in sampling effort between time periods. Diversity and density measures were transformed as needed to meet assumptions of parametric tests. Diversity and density were compared between host species by using a repeated measures ANOVA. All ANOVA tests were performed in JMP (SAS Institute 2007) .
It is important in community surveys to examine differences in community composition as well as diversity, because these two qualities explain different aspects of changing communities. For example, two samples that have an equal number of species may be composed of entirely different sets of species. To visually compare arthropod community composition between the two host-tree species and three time periods, we used nonmetric multidimensional scaling (NMDS; Kruskal 1964) . This technique displays compositional differences between samples in n-dimensional space. The NMDS performed compared the communities on each tree during each time period to one another using a dissimilarity matrix derived from species abundance using the BrayÐCurtis distance measure. Separate NMDS analyses were performed for the entire arthropod community and for the leaftying caterpillar community alone. For the latter analysis, some beech trees were omitted because of an absence of leaf tying caterpillars in a particular sample resulting in slightly reduced sample sizes (N ϭ 7, 9, and 8 trees for the early, middle, and late sampling periods, respectively). We also performed an analysis of dissimilarity (ADONIS; Anderson 2001) on each dissimilarity matrix to determine whether compositional differences between tree species and time periods were greater than differences within groups. All NMDS and ADONIS analyses were performed in R (R Core Development Team 2011) using the "vegan" package (Oksanen et al. 2011) .
Results
Over the 10 wk of sampling, 931 and 1,761 arthropods were collected from the 10 American beech trees and the 10 white oak trees, respectively, 2,692 arthropods in total. There were 45 species and morphospecies found exclusively on American beech and 58 solely on white oak, with an additional 35 occurring on both tree species for a total of 138 species. (Supp Table  S1 ). Leaf tying caterpillars constituted 13.1% (122) of the arthropods on American beech and 34.3% (604) of the arthropods on white oak. The most common caterpillar was Psilocorsis quercicella Clemens (Oecophoridae), which was restricted to white oak, with 441 individuals collected (25% of all arthropods collected on white oak). Psilocorsis cryptolechiella Chambers, Psilocorsis reflexella Clemens (Oecophoridae), and Pseudotelphusa quercinigracella Chambers (Gelechiidae) were abundant on both beech and white oak (Fig. 1) . Abundant non-lepidopteran arthropods included aphids (Hemiptera: Aphididae), wooly aphids (Hemiptera: Eriosomatidae), Ostearius melanopygius Cambridge (Araneae: Linyphiidae), Elaver sp. Cambridge (Araneae: Clubionidae), the Asiatic oak weevil Cyrtepistomus castaneus Roelofs (Coleoptera: Curculionidae), rove beetles (Coleoptera: Staphylinidae), and thrips (Thysanoptera), a collembolan (unknown sp. 48), and a predaceous beetle larva (Coleoptera: unknown sp. 38; Supp Table S1 ).
Across all censuses, the proportion of ties occupied by arthropods was 10 Ð20% higher on white oak than on American beech (F 1, 16 ϭ 15.38, P ϭ 0.0012; Fig. 2 ). Tie occupancy increased signiÞcantly as the season progressed (F 2, 15 ϭ 12.58, P ϭ 0.0006; Fig. 2 ).
Fifteen species of leaf tying caterpillars were recorded, 10 of which were found on both beech and white oak. Four species were unique to white oak and only one was unique to beech (Supp Table S1 ). Leaf-tying caterpillar diversity did not differ between tree species or sampling periods (all P Ͼ 0.38; Fig. 3A) . Density of leaf tying caterpillars per tie was higher on white oak than on American beech (F 1, 16 ϭ 35.25, P Ͻ 0.0001) and differed among sampling periods (F 2, 15 ϭ 6.61, P ϭ 0.0087), peaking in late summer (Fig. 3B) . However, the most abundant leaf-tier, P. quercicella, was only found on white oak and when it was removed from the data set the model was no longer signiÞcant (all P Ͼ 0.08). The NMDS of the leaf tier community reached a stable solution using two dimensions (Fig.   4 ) with a minimum stress value of 14.87, which is considered low enough to represent real community differences (Clarke 1993). Despite similar diversities, the composition of the leaf-tying caterpillar community differed signiÞcantly between host-tree species (F 1, 47 ϭ 15.19, P Ͻ 0.001) and among time periods (F 2, 47 ϭ 2.58, P ϭ 0.004).
Total arthropod diversity did not differ between host-tree species (F 1, 16 ϭ 1.74, P ϭ 0.2060). However, there was a signiÞcant interaction between host-tree species and time (F 2, 15 ϭ 3.85, P ϭ 0.0447); during the midseason, diversity was highest on white oak and lowest on beech (Fig. 5A ). Arthropod density per tie was signiÞcantly higher on white oak than beech (F 1, 16 ϭ 14.65, P ϭ 0.0015) and differed between time periods (F 2, 15 ϭ 52.05, P Ͻ 0.0001). There was also a signiÞcant interaction between tree species and time due mainly to a difference among tree species in density during midseason (F 2, 15 ϭ 9.51, P ϭ 0.0021; Fig.  5B ). The NMDS of the entire arthropod community reached a stable solution using three dimensions (Fig.  6 ) with a minimum stress value of 14.69. The composition of the arthropod community differed signiÞ-cantly between host-tree species (F 1, 52 ϭ 11.66, P Ͻ 0.001) and time periods (F 2, 52 ϭ 3.60, P Ͻ 0.001). There was also a marginally signiÞcant interaction between tree species and time periods (F 2, 52 ϭ 1.60, P ϭ 0.046). The differences in the arthropod community were not merely because of differences in the leaf tier community as the same qualitative results persisted when leaf tiers were excluded from the data set (tree species: F 1, 52 ϭ 3.89, P Ͻ 0.001; time: F 1, 52 ϭ 3.93, P Ͻ 0.001; interaction: F 1, 52 ϭ 1.66, P ϭ 0.028).
Discussion
We have shown that the arthropod community inhabiting leaf ties on American beech and white oak changes signiÞcantly throughout the summer season. Although the communities on American beech and white oak differed in composition and density, they exhibited similar phenological patterns. Different communities were present in early and late summer with a turnover occurring in July.
A wide variety of arthropods were found inhabiting the experimental leaf ties. The dominant herbivores in leaf ties are leaf-tying caterpillars, which are almost exclusively microlepidopterans that are never found outside of leaf ties. Lill and Marquis (2004) found that caterpillar migration and oviposition by adult moths contributed equally to the colonization of experimental leaf ties. Many of the leaf tiers in this study are bivoltine so are present in the community throughout much of the summer. Moths in the late summer frequently oviposit within existing leaf ties, even when much of the foliage has already been consumed by previous occupants (E.S. and J.T.L., personal observations). This constant reuse of the same tie demonstrates the considerable value of these microhabitats. Aside from caterpillars, many other juvenile arthropods were found inhabiting leaf ties. Juveniles are generally more vulnerable than adults to desiccation and predation so may beneÞt more from the protection of leaf ties. Aphids were also extremely abundant within the leaf ties in this study. Aphids are common occupants of many types of leaf shelters (Hajek and Dahlsten 1986 , Martinsen et al. 2000 , Nakamura and Ohgushi 2003 suggesting that there may be some aspect of their ecology that predisposes them to using shelters. Herbivores use the leaf ties as shelter and a food source, so are likely to remain in the same tie for the majority of their development. Conversely, predators and scavengers may Þnd food within shelters, but may need to move between shelters for a continuous supply of food. Spiders are believed to rest, hunt, or molt within shelters, then move on, leading to a highly variable subset of the local spider community being found in leaf ties. One of the most common spiders, Elaver sp., ties leaves as well. It creates a small webbed sphere between leaves completely enclosing itself. These shelters frequently were found containing a molt, so it is our belief that this spider creates a shelter for protection during vulnerable molting periods. Notably, many predators and herbivores were found in the same tie even after they had been in a plastic bag for up to 2 d, suggesting that predators may be using leaf ties for beneÞts other than prey items (e.g., microclimate and protection from their natural enemies; Lill and Marquis 2007).
Leaf-tying caterpillar density was higher overall on oak than on beech, although this was driven primarily by one species, Psilocorsis quercicella. The density of leaf tiers in experimental ties increased as the season progressed, which may lead to an increase in the proportion of leaves tied on a tree in the late summer. As leaf-tying caterpillars grow they become capable of pulling together leaves that small caterpillars cannot (Caroll 1977) . This leads to an increase in the number of ties as well as the number of leaves involved in a single tie later in the summer. An increase in the density of naturally occurring ties may enhance the ecosystem engineering effects on the arthropod community as a whole in late summer.
Despite similarities in diversity, the leaf-tier community composition differed between host-tree species and time periods. This discrepancy highlights the importance of comparing patterns of compositional differences in addition to diversity or richness measures. Some species of leaf tiers, particularly univoltine tortricids, were restricted to just a few weeks of the summer, contributing to the observed compositional differences. The results of the nonmetric multidimensional scaling (NMDS) indicate that the leaf-tying caterpillar community on beech shows a greater amount of phenological variation than that on white oak. This may be because of the smaller community on beech (N ϭ 10 spp.) being less predictable than the larger community found on white oak (N ϭ 14 spp.). (mean Ϯ SE) and (B) density of caterpillars per leaf tie (mean Ϯ SE) of the leaf-tying caterpillar community inhabiting leaf ties on two host-tree species, American beech and white oak, during three time periods during a summer seasonÑearly (white), middle (gray), and late (black). Diversity and density were determined for communities on individual trees.
Diversity of the total arthropod communities on American beech and white oak showed a curious interaction with time. Arthropod diversity was highest on oak in mid-season and lowest on beech in midseason. By contrast, early and late summer diversity was similar on beech and oak. Arthropod density showed a much more predictable trend than diversity. Density increased as the summer progressed on both American beech and white oak. However, the increase began earlier on beech than on white oak. The midseason, in July, seems to be an important period of community restructuring on both beech and white oak. Despite similarities in diversity, arthropod community composition differed phenologically and between the two host plants. By examining the results of the NMDS, it can be seen that the arthropod community gradually changed from early to late summer with midsummer being somewhat of an intermediate. This differs from the phenological variation seen in diversity, where early-and late-season diversity are similar. This indicates that there is a compositional shift in the arthropod communities on both white oak and beech over the summer, despite similarities in diversity across the season. Further research by the authors in the same forest as the current study, as well as other forests in Montgomery County, MD and Washington, DC have demonstrated that the patterns described here are typical of the oak and beech leaf tie communities. Peaks in arthropod abundance and diversity are easily predictable based on this study, and tend to only shift slightly across years because of warmer or cooler springs (E. S., unpublished data).
The arthropod community within leaf ties changes seasonally like many other arthropod communities (Summerville and Crist 2003 , Wiwatwitaya and Takeda 2005 , Hirao et al. 2007 , Sanford and Huntly 2010 . Changes in leaf chemistry from spring to summer are frequently cited as the driving mechanism behind differences in arthropod communities between these seasons (Feeny 1970 , Forkner et al. 2004 . As the summer progresses, oaks decrease in water and nitrogen content and increase in toughness and tannin concentrations, which can affect herbivores (Feeny 1970 , Forkner et al. 2004 . Changes in the herbivore community could cascade up to higher trophic levels. Abiotic factors such as temperature and humidity may limit some arthropods to certain times of the season. Leaf ties alter these abiotic factors (Willmer 1980 , Joos et al. 1988 , Hunter and Willmer 1989 , so may be used differentially as heat stress and desiccation risk change seasonally. Space to build a leaf tie appears to be a limiting resource, thus species could be separating phenologically to divide the niche space and minimize competition.
The arthropod communities present in leaf ties on American beech and white oak differed substantially, despite the host plants being closely related. Leaf chemistry has been shown to be an important factor in host plant use by leaf-tying caterpillars among closely related tree species (Marquis and Lill 2010). American beech is a lower quality host plant than white oak, which may explain the observed differences in leaf tier density. Plant architecture, measured as the number of leaves touching, also has been shown to affect leaf tie density within a host plant species (Marquis et al. 2002) and may account for some of the observed differences. Beech leaves are positioned alternately on long branches with even spacing between leaves, whereas white oak has a more complex branching pattern with whorls of leaves. This causes more leaves to overlap on white oak than on beech trees (E. S. and J.T.L., personal observations), which may Fig. 4 . Results of non-metric multidimensional scaling (NMDS) analysis of leaf-tying caterpillar community inhabiting leaf ties on American beech and white oak in early, middle, and late summer. Species abundance scores were used for individual trees in each time period (n ϭ 54). Analysis of dissimilarity (ADONIS) resulted in signiÞcant differences in community composition both between tree species (F 1, 47 ϭ 15.19, P Ͻ 0.001) and time period (F 2, 47 ϭ 2.58, P ϭ 0.004).
contribute to the higher density of natural leaf ties found on white oak. Arthropods frequently move between ties and readily colonize new ties (Lill and Marquis 2004) . High density of natural ties on white oak may explain the higher occupancy of experimental ties and higher arthropod density within ties. Unfortunately, we did not estimate natural tie density as a part of this study so no direct correlations can be made.
Evolutionary history may also play a role in the differences between host plant fauna. Although American beech and white oak are in the same family (Fagaceae), American beech is the only representative of its genus, although there are over 300 species of oaks in North America (Manos and Stanford 2001) . This allows for a larger, more diverse fauna to develop on oaks leading to more monophages and oligophages feeding on white oak (Wagner 2005) . Oaks generally have a larger associated arthropod fauna than beech, which may lead to a proportional increase in their response to leaf ties. Similar comparisons of the herbivore faunas associated with pairs of related speciesrich versus species-poor genera are needed to further substantiate this pattern.
Many plant-based arthropod communities have been shown to be affected by host plant species and seasonality, but few have been shown to be signiÞ-cantly inßuenced by the interaction between these two factors. The quality of these two host plants may exhibit seasonal declines at different rates, which would lead to similar patterns of host plant use that are offset in time. In addition, American beech is a lowerquality host plant than white oak, which may slow the development of herbivores feeding on beech compared with those on white oak. If this is true, the early season herbivores may take longer to develop on beech than on white oak, leading to a shorter gap (mean Ϯ SE) and (B) density of arthropods per tie (mean Ϯ SE) for arthropod community inhabiting leaf ties on two host-tree species, American beech and white oak, during three time periods during a summer seasonÑearly (white), middle (gray), and late (black). Diversity and density were determined for communities on individual trees. Fig. 6 . Results of nonmetric multidimensional scaling (NMDS) analysis of arthropod community inhabiting leaf ties on American beech and white oak in early, middle, and late summer. Species abundance scores were used for individual trees in each time period (n ϭ 58). Analysis of dissimilarity (ADONIS) resulted in signiÞcant differences in community composition both between tree species (F 1, 52 ϭ 11.66, P Ͻ 0.001) and between time periods (F 2, 52 ϭ 3.60, P Ͻ 0.001) and there was a marginally signiÞcant interaction (F 2, 52 ϭ 1.60, P ϭ 0.046).
between the early-and late-season herbivore communities.
Although the communities found in leaf ties on American beech and white oak differ, they exhibit similar phenological pattern of changes in community composition, but not diversity, from early to late summer. Future research should focus on probing the mechanisms underlying these observed patterns. In particular, because arthropods may inhabit shelters for food, protection, or alleviation of climatic stress, determining which of these factors most inßuences leaf tie inhabitants and how these factors may differ among host plants may lead to greater understanding of the ecosystem engineering effect of leaf tiers.
